perovskite layer at 4000 r.p.m for 30 s. The BTF1-4 based devices were annealing at 100 o C for 5 min.
The chemical doping process for spiro-OMeTAD was proceeded by adding additive of 28.8 μL tertbutylpyridine (TBP) and 17.5 μL Li-bis(trifluoromethanesulfonyl) imide (Li-TFSI) in acetonitrile solution (420 mg/mL) in 1 mL solution. A 70 nm thick top Au electrode was evaporated under high vacuum. For p-i-n inverted perovskite solar cell, the hole transport materials BTF1-4 (8 mg/mL in chloroform) or typical PEDOT:PSS were spin-coated onto ITO substrate at at 3000 r.p.m for 60 s and thermal anealling at 100 o C for 15 min. The perovskite precursor solution was processed as the same procedure mentioned above. Finally, a PCBM layer (15 mg/mL) in chlorobenzene was deposited by spin coating at 2000 r.p.m for 30 s and 4000 r.p.m for 5 s. Finally, A 5 nm LiF following with 100 nm thick top Ag electrode was evaporated under high vacuum.
Device J-V characteristics were measured under AM1.5G (100mWcm -2 ) using a Newport Class A solar simulator (94021A, a Xenon lamp with an AM1.5G filter) in air at room temperature. J~V characteristics were recorded using a Keithley 2400 source meter unit. Typical cells have device areas of 5.9 mm 2 , which are defined by a metal mask with an aperture aligned with the device area. EQEs were measured using an Enlitech QE-S EQE system equipped with a standard Si diode. Monochromatic light was generated from a Newport 300W lamp source. The SEM was measured on JEOL7100F at an accelerating voltage of 10 kV. For steady-state PL, a 514.5 nm ultrafast laser was used as the excitation light source (Laser sources: Ar ion laser, 50 mW). The hole mobilities were measured using the space charge limited current (SCLC) method, employing a device architecture of ITO/V 2 O 5 /HTMs/V 2 O 5 /Al, which is the same as that we used in previously reports. The electrochemical impedance spectroscopy (EIS) was measured at open circuit with a frequency ranging between 1Hz and 1MHz with AC amplitude of 10 mA. The Z-View Analyst software was used to model the Nyquist plots from the impedance measurements. 
Synthesis of 3,8-dibromofluoranthene (2)
This compound was prepared as reported. [2] Fluoranthene (2.02 g, 10.0 mmol) and dichloromethane (DCM, 10 mL) were added to a 100 mL round bottom flask. Afterwards, bromine (3.2 g, 20 .0 mmol) in DCM (10 mL) was dropped into the above solution in an ice bath over 20 min. Reaction was then stirred at room temperature for 6 h, and then treated with sodium thiosulfate (10%, 50 mL). The organic layer was then extracted and after removing solvent, the crude product was purified through column 60, 146.82, 145.54, 144.25, 140.79, 137.04, 134.63, 133.70, 133.13, 132.17, 131.44, 129.85, 129.69, 127.70, 127.23, 126.73, 124.63, 124.24, 122.90, 122.88, 121.59, 120.08, 117.11, 20.80, 20.73 148.06, 144.65, 143.15, 141.37, 140.66, 137.09, 134.65, 133.16, 132.20, 127.23, 126.96, 126.18, 126.08, 125.48, 124.69, 124.62, 124.46, 121.39, 121.00, 119.88, 119.81, 115.27, 114.65, 114.50, 55.48, 55.45 . 
HRMS (ESI)
:
Synthesis of 2,3-dicyano-fluoranthene
9-methylene-9H-fluorene (200 mg, 1.1 mmol) was dissolved in 5 mL of DMF (5 mL) and then TCNE (287 mg, 2.2 mmol) was added. The mixture was heated to 160 °C for 48 h. After the mixture cooled, 20 mL of water was added, and the precipitated yellow solid was collected by filtration and washed with 30 mL of water. The crude product was purified through column chromatography (SiO 2 , petroleum ether/DCM, 1:1, V/V) to afford 2,3-dicyano-fluoranthene (10 mg, 3.5%) as a pale yellow solid. 1 H NMR (600 MHz, Chloroform-d, δ): 8.14 -8.04 (m, 3H, ArH), 7.92 (d, J = 7.5 Hz, 2H, ArH), 7.87 (t, J = 6.0 Hz, 1H, ArH), 7.54 (t, J = 6.0 Hz, 1H, ArH), 7.49 (t, J = 6.0 Hz, 1H, ArH). 13 C NMR (101 MHz, δ): 141.47, 138.75, 136.95, 135.82, 132.03, 131.22, 129.64, 128.07, 128.03, 123.81, 123.18, 122.28, 121.41, 119.77, 116.06, 115.44, 113.42, 112.62 
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Synthesis of 2,7-bis(di-p-tolylamino)-9H-fluoren-9-one (6)
This compound was prepared as reported. [3] A mixture of 2,7-dibromo-9-fluorenone (5, 3.38 g, 10.0 mmol), di-p-tolylamine (4.33 g, 22.0 mmol), Pd(dba) 2 (0.37 g, 0.4 mmol), NaOtBu (2.4 g, 25.0 mmol), PtBu 3 (1.5 mL, 0.6 mmol) and dry toluene (40 mL) was heated to reflux under N 2 for 24 h. After cooling to room temperature, the mixture was extracted with DCM. The combine organic layer was dried by anhydrous Na 2 SO 4 and concentrated, and then was purified through column chromatography 
Synthesis of 2,7-bis(bis(4-methoxyphenyl)amino)-9H-fluoren-9-one (7)
A mixture of 2,7-dibromo-9-fluorenone (5, 1.69 g, 5.0 mmol), bis(4-methoxyphenyl)amine ( Synthesis of 9-methylene-N 2 ,N 2 ,N 7 ,N 7 -tetra-p-tolyl-9H-fluorene-2,7-diamine (8) CH 3 Li (1.38 mL, 1.6 M in n-Hexane, 2.2 mmol) was added dropwise to a solution of 2,7-bis(di-ptolylamino)-9H-fluoren-9-one (6, 1.14 g, 2.0 mmol) in THF (5 mL) at -78 °C, and the mixture was gradually warm to room temperature and stirred for overnight. Afterwards, the mixture was quenched with water and extracted with DCM. The organic layer was separated, concentrated and purified through a fast silica gel column (SiO 2 , petroleum ether/DCM, 1/1, V/V) to afford the intermediate of 2,7-bis(di-p-tolylamino)-9-methyl-9H-fluoren-9-ol, which then was directly dehydrated to afford 8 in 10 mL of dry toluene by adding p-toluenesulfonic acid (34.4 mg, 0.2 mmol 145.55, 143.08, 139.34, 134.66, 131.97, 129.80, 124.79, 123.99, 119.70, 116.59, 108.12, 20 .77 .
Synthesis of N 2 ,N 2 ,N 7 ,N 7 -tetrakis(4-methoxyphenyl)-9-methylene-9H-fluorene-2,7-diamine (9)
CH 3 Li (1.38 mL, 1.6 M in n-Hexane, 2.2 mmol) was added dropwise to a solution of 2,7-bis(bis(4-methoxyphenyl)amino)-9H-fluoren-9-one (7, 1.27g, 2.0 mmol) in THF (5 mL) at -78 °C, and the mixture was gradually warm to room temperature and stirred for overnight. Afterwards, the mixture was quenched with water and extracted with DCM. The organic layer was separated, concentrated and purified through a fast silica gel column (SiO 2 , DCM) to afford the intermediate of 2,7-bis(bis(4-methoxyphenyl)amino)-9-methyl-9H-fluoren-9-ol, which then was directly dehydrated to afford 9 in 15 mL of dry toluene by adding p-toluenesulfonic acid (34.4 mg, 0.2 mmol). Finally, through the purification using column chromatography (SiO 2 , petroleum ether/DCM, 3/1, V/V), compound 9 was obtained as an orange solid (1.01 g, 79.8% 46, 147.40, 143.31, 139.24, 133.93, 125.90, 125.87, 123.04, 119.47, 114.80, 114.65, 107.79, 55 .51.
Synthesis of 3, 8-bis(di-p-tolylamino)fluoranthene-4,5-dicarbonitrile (BTF3)
Compound 8 (250 mg, 0.44 mmol) was dissolved in 5 mL of DMF and then TCNE (169 mg, 149. 23, 146.07, 144.72, 143.33, 142.34, 138.17, 135.62, 135.60, 133.59, 133.36, 132.26, 131.89, 130.22, 129.74, 128.17, 125.13, 123.72, 123.38, 122.79, 122.53, 121.59, 119.21, 116.72, 115.88, 111.31, 20.91, 20.75 
Synthesis of 3,8-bis(bis(4-methoxyphenyl)amino)fluoranthene-4,5-dicarbonitrile (BTF4)
Compound 9 45, 155.39, 149.64, 143.58, 142.43, 142.41, 140.26, 138.09, 135.64, 135.26, 132.63, 130.95, 127.89, 126.97, 124.24, 123.45, 122.43, 121.49, 121.46, 119.00, 116.75, 116.03, 114.98,114.87, 114.49, 55.54, 55.49 Table S5 . Crystal data and structure refinement for BTF3.
Identification code hkl5
Empirical formula C46 H34 N4
Formula weight 642.77
Temperature 298 (2) Table S6 . Crystal data and structure refinement for BTF4.
Identification code mo_170523l_0m
Empirical formula C46 H34 N4 O4 Formula weight 706.77
Temperature 100 (2) Table S7 . Crystal data and structure refinement for BTF1.
Identification code mo_171030a_0m
Empirical formula C44 H36 N2 Formula weight 592.75
Temperature 100 (2) Figure S24 . The 13 C NMR spectrum of BTF1, conducted in Chloroform-d. Figure S26 . The 13 C NMR spectrum of BTF2, conducted in Chloroform-d. Figure S28 . The 13 C NMR spectrum of BTF3, conducted in Chloroform-d. 
